Three functionally different types of microbodies (glyoxysomes, leaf peroxisomes and unspecialized microbodies) are known to exist in plant tissues (Beevers 1979 , Huang et al. 1983 . Glyoxysomes contain enzymes foryS-oxidation of fatty acids and for the glyoxylate cycle. These enzymes are engaged in the conversion of storage lipids to sucrose in the cells of germinated fatty seeds and senescing tissues (De Bellis et al. 1991) . Leaf peroxisomes are found in photosynthetic tissues, such as green cotyledons and mature leaves. They contain enzymes involved in glycolate metabolism, such as glycolate oxidase and hydroxypyruvate reductase, and play a crucial role in photorespiration in combination with chloroplasts and mitochondria. Unspecialized microbodies are found in other tissues, but their function is obscure.
Immunocytochemical analysis has revealed that glyoxysomes can reversibly change into leaf peroxisomes and vice versa during seedling growth (Nishimura et al. 1986 , Abbreviations: MS, Murashige and Skoog; PMSF, phenylmethanesulphonyl fluoride. 1 To whom correspondence should be addressed. Titus and Becker 1985) . Since microbodies do not have their own protein synthesizing system, the functional differentiation of these microbodies requires the import of specific proteins that are synthesized in the cytosol. Two types of proteins are known to independently target microbodies. One type, which includes most microbody proteins, are proteins that are synthesized in a form similar in size to the mature molecule, while the other proteins are synthesized as precursor molecules with larger molecular masses (Olsen and Harada 1995) .
Targeting signals responsible for the transport of proteins into microbodies have been extensively studied in mammals and yeasts. Subramani's group first revealed that a unique tripeptide sequence, SKL at the carboxyl terminus of firefly luciferase is necessary and sufficient for the transport of this protein into microbodies (Gould et al. 1987 (Gould et al. , 1988 . Experiments on amino acid substitutions within the tripeptide showed that tripeptides with S, A or C at the -3 position, K, R or H at the -2 position, and L at the carboxyl terminal position can function as targeting signals for microbodies in mammalian cells (Gould et al. 1989 , Swinkels et al. 1992 . Volokita (1991) demonstrated that the carboxyl terminus of a microbody enzyme, glycolate oxidase, functions as a targeting signal to plant microbodies. He generated transgenic tobacco expressing a fusion protein consisting of /?-glucuronidase and spinach glycolate oxidase, and showed that the carboxy-terminal six amino acids of the glycolate oxidase is sufficient to target the chimeric protein to leaf peroxisomes. Further analysis using similar in vivo import systems revealed that the carboxy-terminal five amino acids of pumpkin malate synthase and carboxy-terminal four amino acids of rape seed isocitrate lyase were sufficient for the transport of chimeric proteins into microbodies , Olsen et al. 1993 . These data suggested that peptides containing certain carboxy-terminal tripeptide sequences (ARL, SRL, SRM, SKL and PRL) function as targeting signals to glyoxysomes as well as leaf peroxisomes and unspecialized microbodies in roots. Recently,- Banjoko and Trelease (1995) clearly demonstrated that the carboxy-terminal SKL tripeptide is necessary and sufficient for targeting a chimeric protein to plant microbodies, as is the case in mammalian cells. However, the divergence of carboxy-terminal tripeptide se-quences that function as microbody-targeting signals in plant cells is still not known.
In the present study, we generated transgenic Arabidopsis that express fusion proteins containing various carboxyl termini. We examined the targeting-efficiency of these fusion proteins to microbodies using immunoelectron microscopy and discuss the sequence specificity of the microbody-targeting signal in plants.
Construction of chimeric genes-The DNA fragment encoding /?-glucuronidase was amplified by the polymerase chain reaction (PCR) using 10 ng of pBI221 (CLONTECH, Palo Alto, CA) as a template. The reaction mixture contained 2.5 units of AmpliTaq DNA polymerase (Perkin Elmer Japan, Chiba, Japan), a 5'primer (CCGGATCCGTCGAC-CATGAGTCCGTCCTGAT), a 3' primer (CCGAATTC-TCAGATCTCTTGTTTGCCTCCCTGCTGC), and an appropriate buffer in a total volume of 50//I. Each cycle of PCR consisted of 95°C for 45 s, 60°C for 45 s and 72°C for 45 s. The PCR product obtained after 25 cycles of amplification was then incubated for 2 h at 72°C to introduce deoxyadenosine at the 3' ends. The DNA fragment was then subcloned into a T-vector prepared using Bluescript KS+ (Stratagene, La Jolla, CA) as described in a previous report (Marchuk et al. 1990 ). The DNA fragment inserted in the vector contained a BarriHl site at the 5' flanking region and Bglll and £coRI sites on either side of the stop codon of /?-glucuronidase.
In order to make chimeric transgenes containing an additional amino acid sequence at the carboxyl terminus of /?-glucuronidase, the BgM-EcoRl fragment of the DNA fragment was replaced with various double-stranded DNAs produced by the annealing of complementary oligonucleotides. The complementary oligonucleotides were designed to produce protruding ends that can ligate to the Bgfll and £coRI site of the /?-glucuronidase gene. The nucleotide sequences of the coding strands of the synthetic oligonucleotides used to construct chimeric genes are shown in Table 1 .
The BamHl-EcoRl fragments that contain /?-glucuronidase as well as various chimeric genes were inserted into the Bgfll-EcoRl site of a Ti-plasmid, pMAT037 (Matsuoka and Nakamura 1991). Standard procedures were used for all DNA manipulations (Sambrook et al. 1989 ). The Ti-plasmids produced were then transformed into Agrobacterium tumefaciens (strain C58ClRif R ) by electroporation (Nagel et al. 1990) .
Plant transformation and selection of transformants -Transformation of Arabidopsis thaliana (ecotype C24) using Agrobacterium tumefaciens was performed according to the method of Valvekens et al. (1988) . Primary transformants were designated TO plants. Tl seeds collected from TO plants were surface sterilized in 2% NaCIO, 0.02% Triton X-100, and grown on germination media (2.3 m g m P 1 MS salt (Wako, Osaka, Japan), \% sucrose, 100ng ml" 1 myo-inositol, l/zgmF 1 thiamine-HCl, 0.5 fig   ml ' pyridoxine, 0.5 fig ml" 1 nicotinic acid, 0.5mgml ' MES-KOH (pH5.7), 0.2% gellan gum (Wako, Osaka, Japan)) containing lOO^gml" 1 of kanamycin. T2 seeds were collected from approximately 10 independent Tl plants. T2 plants that accumulated the highest amount of transgene product were selected on the basis of immunoblotting using a /?-glucuronidase-specific antibody. Homozygous T3 plants obtained from progenies of the T2 plant were scored by kanamycin resistance.
Immunoblotting-Transgenic Arabidopsis were grown on germination media containing lOO^gml" 1 kanamycin for 7 d under continuous illumination. Seedlings were homogenized in 100 fi\ of buffer containing 50 raM Tris-HCl (pH 8.3), 1 mM EDTA and 1 mM PMSF. The homogenate was centrifuged for 15 min at 15,000 *g at 4°C to remove cell debris and the supernatant was used as the crude extract. The amount of total protein in the crude extract was measured using the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA).
Nine fig of total protein were loaded onto lanes of an 10% SDS-polyacrylamide gel. After electrophoresis, proteins were transferred to a nitrocellulose membrane (Schleicher & Schuell, Dassel, Germany) in a semi-dry electroblotting system. The membrane was blocked with 3% nonfat dry milk in Tris-buffered saline, pH 7.4 and immunoblotted with a 1 : 1,000 dilution of /?-glucuronidase-specific antibody (Molecular Probe, Eugene, OR, U.S.A.). Bands were visualized with an ECL Western blotting detection kit (Amersham Japan, Tokyo, Japan) using a 1 : 5,000 dilution of peroxidase-conjugated goat antibodies against rabbit IgG following the instructions of the manufacturer.
Immunoelectron microscopy-Immunoelectron microscopy was performed as described previously . Green cotyledons were obtained from homozygous T3 plants grown on germination media containing 100figm\~l kanamycin for 7d under continuous illumination. They were vacuum-infiltrated for 1 h with a fixative that consisted of 4% paraformaldehyde, 1% glutaraldehyde and 0.06 M sucrose in 0.05 M cacodylate buffer (pH 7.4). The fixed samples were then cut into slices of less than 1 mm in thickness and treated for another 2 h with freshly prepared fixative. After washing with the same buffer, the samples were dehydrated in a graded dimethylformamide series at -20° C and embedded in LRWhite resin (London Resin Co. Ltd., Basingstoke, Hampshire, U.K.). Blocks were polymerized under a UV lamp at -20°C for 24 h. Ultrathin sections were mounted on uncoated nickel grids. The sections were treated with blocking solution (\% bovine serum albumin in phosphate-buffered saline) for 1 h at room temperature, and were then incubated overnight at 4°C in a solution of yS-glucuronidase-specific antibodies that had been diluted 1 : 500 in the blocking solution at 4°C. After washing with phosphate-buffered saline, sections were incubated for 30 min at room temperature in a solution of protein A-gold (15 nm; Amersham Japan, Tokyo, Japan) that had been diluted 1 :20 in the blocking solution. The sections were washed with distilled water and then stained with 4% uranyl acetate and lead citrate. After staining, all sections were examined under a transmission electron microscope (1200EX; JEOL, Tokyo, Japan) operated at 80 kV.
Subcellular fractionation-Homozygous T3 seeds were grown on germination medium at 22°C for 14 d under continuous illumination. The green plants (0.4 g in fresh weight), excluding roots, were chopped with a razor blade in a Petri dish with 2.0 ml of chopping buffer (150 raM Tricine-KOH; pH 7.5, 1 mM EDTA, 0.5 M sucrose). The extract was then nitrated with cell strainer (Becton Dickinson, Franklin Lakes, NJ). Two ml of the homogenate was layered directly on top of a 16-ml linear sucrose density gradient (30-60%, [w/w]) that contained 1 mM EDTA. Cen-. trifugation was performed in an SW 28.1 rotor (Beckman, Palo Alto, CA) at 25,000 rpm for 2.5 h at 4°C. One ml fractions were collected using a gradient fractionator (model 185; ISCO, Lincoln, NE). Twenty//I of each fraction was subjected to immunoblotting to analyze distribution of /?-glucuronidase and chimeric proteins using /?-glucuroni- ATA  GAG  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA  ATA   CAT  CTG  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT   synthetic   CAT  TCC  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT  CAT   oligonucleotides   CCC  AGG  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC  CCC GAG   TGA   GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG  GAG   this study   CTG  G  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG  CTG   TCC   TGA  TCC  TCC  TCC  TCC  TCC  TCC   tec   TCC  TCC  TCC  TCC  TCC  GCC  TGC   GAA   TTC  GGC   AAA   CTC  CCC  TAC   AGG   G   AGG  AGG  AGG  AGG  AGG  AGG  AGG   GGG  CAC  ATT   AAA   TCC   AGG  AGG  AGG  AGG  AGG  AGG  AGG  AGG  AGG   CTC   GAA  TTT  ATT   AAA   ATG  TCC  GTT  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC  CTC   TGA   TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA  TGA SRE  SRF  SRI  SRK  SRM  SRS  SRV  SGL  SHL  SIL  SKL  SSL  ARL  CRL  ERL  FRL  GRL  KRL  LRL  PRL  YRL dase-specific antibody, and catalase using catalase-specific antibody (Yamaguchi and Nishimura 1984) .
Abbreviation of fusion proteins

SRL MS5
ASRL
Expression of chimeric genes in transgenic Arabidopsis-To investigate the role of carboxy-terminal sequences in targeting proteins to microbodies, we constructed chimeric genes that encoded /3-glucuronidase fusion proteins having various carboxy-terminal sequences. The chimeric genes were produced by replacing the terminal codon of the )S-glucuronidase gene with various synthetic complementary oligonucleotides. Nucleotide sequences of the coding strands of the synthetic oligonucleotides as well as the names of the chimeric genes used in this study are shown in Table 1 . The original carboxy-terminal amino acid sequence of /?-glucuronidase (GUS) is QG-GKQ. SRL encoded a chimeric protein that combined the ten carboxy-terminal amino acids of pumpkin malate synthase (Mori et al. 1991) at the carboxyl terminus of y3-glucuronidase. MS5 contained the gene for GUS with an additional five carboxy-terminal amino acids (ELSRL) that were the same as those of pumpkin malate synthase, whereas JSRL encoded a protein that were the same as that encoded by SRL except that the three carboxy-terminal amino acids were deleted. Other chimeric gene constructs encoded proteins that were the same as those encoded by SRL except that they contained single amino acid substitutions in the three carboxy-terminal amino acids. The names of these chimeric genes represent the sequences of their three carboxy-terminal amino acids.
GUS and the chimeric genes were inserted downstream of the cauliflower mosaic virus 35S promoter in the binary plant expression vector pMAT037 (Matsuoka and Nakamura 1991) . The constructs were transferred into Arabidopsis by the Agrobacterium tumefaciens-media.ted gene transfer procedure (Valvekens et al. 1988) . Primary trans- formants were designated TO plants. We selected one T2 plant of each construct that accumulated the highest amount of the transgene product based on the results of immunoblotting using a /?-glucuronidase-specific antibody.
Homozygous T3 plants, which were obtained from the progenies of the T2 plants, were used for further analyses. As shown in Figure 1 , homozygous T3 plant yielded single immunoreactive band with a molecular mass similar to that of GUS, while non-transformed wild-type Arabidopsis did not. This result indicated that fusion proteins expressed from the chimeric genes accumulated at similar level in green cotyledons of all T3 plants, and excluded the posibility that levels of expression of these transgenes were markedly different among the transgenic plants analyzed in the present study.
Effects of amino acid substitutions at the carboxyl terminus-To quantify targeting efficiencies of proteins containing various carboxy-terminal amino acid sequences to microbodies, thin sections of green cotyledons of transgenic Arabidopsis expressing various chimeric genes were analyzed by immunoelectron microscopy after staining with antibodies against /?-glucuronidase and then with protein A-gold. We have previously shown that the carboxyterminal amino acids of pumpkin malate synthase function as targeting signals for glyoxysomes, leaf peroxisomes and unspecialized microbodies in roots ). In agreement with this, gold particles were observed exclusively within microbodies in green cotyledons of transgenic Arabidopsis expressing the fusion proteins encoded by SRL and MS5 (black dots in Fig. 2A, 3A) . In contrast, no signal was detected in thin sections of green cotyledons expressing the fusion protein encoded by .dSRL (Fig.2B) or the unmodified /?-glucuronidase gene (data not shown). Figure 2 shows the effects of single amino acid substitutions at the carboxyl terminus of the fusion proteins on microbody-targeting efficiencies. We found high densities of gold particles within microbodies of Arabidopsis transformed with SRL ( Fig. 2A) and SRM (Fig. 2G) . A lower density of gold particles within microbodies was observed in Arabidopsis transformed with SRI (Fig. 2E) , in spite of the fact that similar amount of fusion proteins accumulated in transgenic Arabidopsis transformed with SRI, SRL and SRM (see Fig. 1 ). In contrast, no signal was detected reproducibly within microbodies of Arabidopsis transformed with SRE ( Fig. 2C) , SRF (Fig. 2D) , SRK (Fig. 2F) , SRS (Fig. 2H) or SRV (Fig. 21) . These fusion proteins were not transported into microbodies, and remained in the cytosol where their concentrations are too low to be detected by immunocytochemical technique as discussed in previous paper . Figure 3 shows the effects of substitutions of the second amino acid from the carboxyl terminus of the fusion proteins on microbody-targeting efficiencies. A high density of gold particles was observed within microbodies when the carboxy-terminal tripeptide sequence was changed from SRL to SKL (Fig. 3E) . However, no signal was detected reproducibly within microbodies of Arabidopsis transformed with SGL (Fig. 3B) , SHL (Fig. 3C) , SIL (Fig. 3D) or SSL (Fig. 3F) .
Effects of substitutions at the second amino acid from the carboxyl terminus-
Effects of substitutions at the third amino acid from the carboxyl terminus- Figure 4 shows the effects of single substitutions at the third amino acid from the carboxyl terminus of the fusion proteins on microbody-targeting efficiencies. High densities of gold particles were observed within microbodies when the carboxy-terminal tripeptide sequence was changed from SRL to ARL (Fig.4A) and from SRL to CRL (Fig.4B) . As is the case with SRI (Fig. 2E) , a lower density of gold particles was observed within microbodies of Arabidopsis transformed with PRL (Fig.4H) . At least some of the fusion protein containing PRL at the carboxyl terminus seemed to target the microbodies, since we have recently demonstrated with immunofluorescent microscopy that the fusion protein was localized within glyoxysomes as well as leaf peroxisomes ). In contrast, no signal was detected reproducibly within microbodies of Arabidopsis transformed with ERL (Fig.4C), FRL (Fig.4D) , GRL (Fig.4E) , KRL (Fig.4F), LRL (Fig.4D), GRL (Fig.4E) , KRL (Fig.4F), LRL (Fig.4G) or YRL (Fig. 41) .
Subcellular distribution ofGUS and chimeric proteins in transgenic Arabidopsis plants-To confirm the data obtained by the immunoelectron microscopic observations, we performed subcellular fractionation of transgenic Arabidopsis plants transformed with GUS, SRL and 4SRL using sucrose density gradient centrifugation. The distribution of the proteins expressed from GUS, SRL and ASKL in the gradients was analyzed by immunoblotting using specific antibody against /?-glucuronidase. As shown in Figure  5 , the fusion protein encoded by SRL (SRL in Fig. 5 ) was detected in the fractions 13 and 14 in addition to the first three fractions (fractions 1 to 3). Immunoblot analysis us- Table 1 ) were grown for 14 d under continuous illumination at 22°C. The whole plants without roots were homogenized and the extracts were then subjected to sucrose density gradient centrifugation (30-60% [w/w]). After the centrifugation, fractions were collected from the top of the gradient. Twenty /A of each fraction was analyzed by immunobloting using specific antibodies against yS-glucuronidase (a-GUS) and catalase (a-CAT).
ing antibody against catalase clearly indicated that microbodies were located in the fractions 13 and 14. The immunoreactive polypeptides were also found in the fractions 1 to 3, since certain amount of proteins was released from broken microbodies during homogenization and subsequent centrifugation. In contrast, GUS (GUS in Fig. 5 ) and the fusion protein encoded by ASRL (ASRL in Fig. 5 ) were detected in the first three fractions that include cytosolic proteins, and no band was detected in microbodies (fractions 13 and 14). These results indicated that the protein encoded by SRL was transported to microbodies whereas the proteins encoded by GUS and zlSRL were localized in cytosol.
Microbody-targeting efficiencies of carboxy-terminal tripeptides-Based on the density of gold particles observed by immunocytochemical analysis, the targeting efficiencies of various tripeptide sequences at the carboxyl terminus of the fusion proteins could be grouped into three classes ( Table 2 ). The first class (+ + ) , which showed high densities of gold particles within microbodies, includes SRL, CRL, ARL, SKL and SRM. The results indicate that these tripeptide sequences function as efficient targeting signals to microbodies. SRI and PRL belonged to the second class ( + ), which showed detectable but weak staining by immunoelectron microscopy. The density of gold particles within microbodies was less than one tenth of the first class ( + + ) , although the similar amounts of the fusion proteins were accumulated. This result suggests that the microbody-targeting activities of the latter tripeptides are lower than those of the first class. The remaining tripeptide sequences that we tested belong to the third class (-). We could not detect any signal within microbodies of these transgenic plants, although we performed the immunoelectron microscopic observations using several sections prepared from independent experiments. The result obtained from subcellular fractionation experiments supports the idea that these fusion proteins are not transported into microbody, and remain in cytosol where their concentrations are too low to be detected by immunoelectron microscopy.
Immunoelectron microscopic analysis of transgenic Arabidopsis expressing fusion proteins with various carboxyl termini has allowed the role of these terminal sequences in targeting microbodies to be determined. Analysis by electron microscopy indicates that addition of the pentapeptide ELSRL at the carboxyl terminus is sufficient to target /S-glucuronidase into microbodies in the cells of green cotyledons. Since the minimum requirement for a plant microbody-targeting signal has been reported to be carboxy-terminal SKL (Banjoko and Trelease 1995) Most proteins localized in microbodies are known to be synthesized in a form similar in size to the mature molecule, i.e., they are not first synthesized as larger precursor molecules. As summarized in Table 3 , the tetrafunctional enzyme for fatty acid ^-oxidation (Preisig-Muller et al. 1994) , isocitrate lyase (Beeching and Northcote 1987 , Mano et al. 1996 , Turley et al. 1990b , Zhang et al. 1993 , Amino acid sequences of carboxy-terminal tripeptides are shown by single letter codes. Targeting efficiencies of proteins containing these tripeptides at the carboxy terminus were presented by + + (efficient), + (detectable) and -(inefficient). malate synthase (Comai et al. 1989 , Graham et al. 1989 , Mori et al. 1991 , Rodriguez et al. 1990 , Turley et al. 1990a , glycolate oxidase (Tsugeki et al. 1993, Volokita and Somerville 1987) , hydroxypyruvate reductase ) and uricase (Nguyen et al. 1985) contain carboxy-terminal tripeptides that are consistent with the above microbody-targeting consensus sequence. Although we have not directly tested the targeting efficiencies of the carboxy-terminal tripeptides ARM and PRM that are found in some of these enzymes, these tripeptides obey the rule for microbody-targeting signals denned in this study. These data suggest that all these enzymes are translocated into microbodies by the recognition of these carboxy-terminal tripeptide sequences. Although our results indicated that CRL and SRI function as microbody-targeting signals, no microbody enzymes have yet been found to contain these tripeptides at the carboxyl terminus.
Although we have demonstrated that the tripeptide sequence PRL functions as a microbody-targeting signal not only for leaf peroxisomes in green cotyledons but also for glyoxysomes in etiolated cotyledons and for leaf peroxisomes in leaves by using immunofluorescent microscopy , the targeting efficiency for PRL is rather low in Arabidopsis cells. This result is curious because glycolate oxidase containing a carboxy-terminal PRL and the tetrafunctional enzyme containing a carboxy-ter- minal PRM seemed to be efficiently translocated into microbodies in pumpkin and cucumber cells, respectively. One possibility is that targeting efficiency is species specific, and that PRL and PRM might function efficiently as microbody-targeting signals in pumpkin and cucumber but not in Arabidopsis.
Among other enzymes localized in microbodies, thiolase (Kato et al. 1996b, Preisig-Muller and Kindl 1993) , which is involved in fatty acid yS-oxidation, and citrate synthase (Kato et al. 1995) and malate dehydrogenase (Gietl 1990) , which are involved in the glyoxylate cycle, are known to be synthesized as precursor molecules with an extra peptide at their amino terminus (Table 3) . We have demonstrated that these enzymes contain a microbodytargeting signal within their amino-terminal extra peptides . In contrast, the targeting signal for plant catalase is still unknown, while aconitase, a member of the glyoxylate cycle, and which was formerly believed to be localized in microbodies, has been revealed to be a cytosolic enzyme .
In the present study, we examined the microbodytargeting efficiency of the tripeptides only for green cotyledonary cells that contain leaf peroxisomes. We recently demonstrated that fusion proteins containing SRL, SRM, SKL, ARL and PRL at their carboxyl termini are imported in vivo into glyoxysomes in etiolated cotyledonary cells as well as into leaf peroxisomes in mature leaf cells ). All of these tripeptides coincide with the consensus sequence of the microbody-targeting signal denned above. In addition, results of several studies obtained by in vivo and in vitro import systems suggested that there exists conserved machinery for recognition of targeting signals in glyoxysomes, leaf peroxisomes and unspecialized microbodies (Mori and Nishimura 1989 , Olsen et al. 1993 , Onyeocha et al. 1993 . We are currently trying to identify whether all consensus tripeptide sequences of the form [C/ A/S/P]-[K/R]-[I/L/M] function as targeting signals for all types of plant microbodies including glyoxysomes, leaf peroxisomes in cotyledonary cells, leaf peroxisomes in mature leaves and unspecialized microbodies in roots.
The microbody-targeting signals of mammals, yeasts and trypanosomes have also been analyzed, and the divergence in permissible tripeptide sequences among these organisms has been discussed (Purdue and Lazarow 1994) (Gould et al. 1989 , Swinkels et al. 1992 . Comparison of this consensus sequences with that for plants revealed that there are some features that are specific for plant microbody-targeting signals. A significant characteristic that differs from other organisms is that histidine at the second position of the carboxy-terminal tripeptide is not recognized as a microbody-targeting signal in plants, but is in mammals and trypanosomes. In contrast, methionine at the carboxyl terminus acts as a microbody-targeting signal in plants and trypanosomes, but does not function efficiently in mammals (Swinkels et al. 1992 ). Proline at the first position of the carboxy-terminal tripeptide acts as a microbody-targeting signal in plants and trypanosomes, but proline in this position has not been examined experimentally in mammals and yeast.
Recently, Trelease et al. (1994) demonstrated that cottonseed isocitrate lyase retains an ability to be imported in vivo into microbodies of mammalian cells and discussed the evolutional conservation of microbody import machinery between plants and mammals. Although this machinery appears to be essentially conserved, our observations suggest that there is some evolutional divergence in the carboxy-terminal microbody-targeting signal and in the mechanism for its recognition among organisms. The receptors for carboxy-terminal microbody-targeting signals have been characterized in yeast (Terlecky et al. 1995 , Vanderleij et al. 1993 ) and human (Fransen et al. 1995) . Further analysis of the receptor in higher plants and its comparison with those from other organisms will provide information on the evolutional divergence of the mechanisms for the translocation of proteins into microbodies at molecular level.
